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Figure 1: Flight instrument segmentation using Detectron2 (left), SAM 2 (middle), and SAM3 (right) in an Aquila AT01 aircraft.

ABSTRACT
In pilot training, deviation from standard procedures is a significant
concern. To provide student pilots with objective feedback in post-
flight debriefing, we captured pilots’ view and gaze with the Pupil
Core eye-tracker. Then we conducted a preliminary evaluation to
test the feasibility of existing scene segmentation models for gaze-
mapping1. We used an OpenCV baseline model for coarse inside
vs. outside-analysis, a fine-tuned Detectron2 model for specific
instrument segmentation, and Segment Anything Models (SAM 2
and SAM 3) for human-in-the-loop analysis. The baseline was fast
but fragile, failing in common flight scenarios; the Detectron2model
was powerful but inflexible and unsuitable for general use; and SAM
3 was promising, offering generalizability for post-flight analysis
despite noisy digital displays. A qualitative preliminary evaluation
of SAM with Visual Flight Rules shows that it can be beneficial in
eye movement analysis. We identified poor data quality in bright
cockpit environments and ergonomics as main limitations.
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1 INTRODUCTION
The use of eye tracking technology in aviation has seen growing
interest since initial studies dating back to the 1950s [Fitts et al.
1950]. In pilot training, eye tracking may provide insight into the
visual behavior of instructor and student pilots and allows them
to provide objective feedback about their behavior and situation
awareness [Niehorster et al. 2020]. In such diagnostic applications
of eye tracking [Duchowski 2018], pilot’s gaze data need to be
mapped to specific areas of interest (AOIs), which can be deter-
mined manually either before or after data collection. To minimize
processing and analysis time in eye-tracking studies, it is neces-
sary to transition to automated solutions [Ferrari et al. 2018]. For
example, computer vision techniques can be used to automatically
segment AOIs in a given video feed, which then helps to distinguish
whether the pilot was looking “outside” or “inside” at specific in-
struments. However, different positions of these AOIs in the cockpit
of the aircraft as well as dynamic lighting conditions (e.g., direct
sunlight, glare, shadows, and reflections) present challenges for
image segmentation [Binaee et al. 2021].

The primary goal of this work is to develop and evaluate a sys-
tem to capture and analyze a pilot’s visual scanning behavior in
a real-world Visual Flight Rules (VFR) cockpit environment. VFR
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refers to flying an aircraft primarily using visual references out-
side the cockpit, typically in clear weather conditions; pilots are
expected to “See and Avoid” other aircraft and dedicate most of
their attention to visually monitoring the aircraft’s surroundings.
The flight instruments in the cockpit still play an important role,
particularly during other operations such as take-off and landing.
To segment the visual field of pilots, we developed a system using
Pupil Core eye-tracking glasses. To map pilot’s gaze to specific AOIs
we evaluated different image segmentation methods including a
baseline using OpenCV for coarse “inside vs. outside” dashboard
segmentation, as well as more advanced deep learning approaches
(Detectron22, SAM 23, SAM 34) for instrument-level segmentation.

2 METHODS
The study was conducted in an Aquila AT01 aircraft that features a
combination of analog and digital (i.e., glass) cockpits. The Pupil
Core glasses (200Hz eye cameras, 60fps scene camera) [Kassner et al.
2014] were used to capture the gaze data of the first author. We
evaluated three segmentation architectures to map gaze points to
AOIs. Initially, a Raspberry Pi running a custom-compiled version
of Pupil Capture for Debian on ARM64 was used, in conjunction
with a custom-built iOS app to control the Network API and an
HTTP wrapper. However, due to high computational requirements,
in data acquisition, we used a laptop which also allowed a quick
screen marker calibration instead of the physical markers.

2.1 Segmentation Approaches
To map the pilot’s gaze to specific AOIs, the video feed from the
scene camera must be analyzed. This process involves segmenting
the video frames to distinguish between the pilot looking “outside”
(the primary task in VFR flight) and “inside” at specific instruments.
The highly dynamic and complex lighting conditions of a cockpit
produce various types of artifacts complicate image segmentation.
From our experience, it seems that especially shadows thrown in-
side analog cockpit instruments pose a significant challenge for
simpler segmentation methods. To address this, a progressive eval-
uation was undertaken, moving from a simple baseline model to
more advanced architectures.

(1) Dashboard-level (CV2): To distinguish the darker dash-
board in the cockpit from the bright outside scene and provide a
coarse "inside vs. outside" gaze ratio, we used a baseline model
utilizing Gaussian blur and binary thresholding [Bradski 2000].

(2) Instrument-level (Detectron2):While the “inside vs. out-
side” ratio is useful, additional segmentation is needed to identify
which specific instrument a pilot is monitoring. A Mask R-CNN
model fine-tuned on a manually annotated dataset of the Aquila
AT-01 cockpit [Wu et al. 2019]. This targeted individual instruments
with the help of predefined class labels.

(3) Human-in-the-Loop (SAM 2): Detectron2 required time
intensive manual-annotation and training. Additionally, the model
is primarily designed for static images and does not inherently
perform object tracking or re-identification across video frames,
especially when an instrument is temporarily occluded. To address

2See https://ai.meta.com/tools/detectron2/
3See https://ai.meta.com/research/sam2/
4See https://ai.meta.com/research/sam3/

these limitations, the evaluation progressed using Segment Anything
Model 2 (SAM 2) [Ravi et al. 2024]. While SAM 2 relies only on visual
prompts (manual-click) we also used the SAM 3 which allows an
instructor to define AOIs via visual or text-based prompts on a
single frame, leveraging the model’s zero-shot generalization for
an accurate tracking of instruments across the video. SAM models
are not trained on any specific layout and is therefore applicable to
a wide variety of aircraft and cockpit configurations. These models
are suitable for human-in-the-loop analysis: An instructor, without
any previous expertise in machine learning, could load a flight
video and interactively define AOIs. By clicking on the Airspeed
Indicator, Attitude Indicator, and Altimeter, they could generate
individual masks for those instruments and immediately proceed
with a quantitative analysis of the pilot’s scanning patterns.

3 EVALUATION
We evaluated our system from two complementary perspectives.
First, a technical evaluation provides a critical analysis of the sys-
tem’s performance, robustness, and limitations, focusing in par-
ticular on the various image segmentation models used for gaze-
mapping. Second, a qualitative evaluation examines the applicability
and perceived usefulness of our system within a real flight training
context, drawing on structured feedback from domain experts.

3.1 Technical Evaluation
In Dashboard-level Segmentation, the CV2 achieved real-time
processing at 30 FPS on modern hardware. It was robust enough to
work across several different analog and digital cockpit types with
onlyminor calibration. However, its reliance on a static color thresh-
old was a primary limitation. CV2 failed in high angle-of-attack
(AOA) scenarios, where the bright sky is no longer visible, causing
the camera to adjust exposure and when flying over dark terrains
such as forests, which were mistakenly classified as “inside”. In
Instrument-level Segmentation (see Figure 1), Detectron2 model
struggledwith difficult lighting conditions and tracking instruments
reliably. The trained model is highly specialized for the Aquila AT-
01 cockpit and did not perform well in a different aircraft cockpit.
This makes the model unsuitable for a general-purpose tool without
significant labor-intensive retraining for different aircraft types. On
the other hand, SAM 2 and SAM 3 were evaluated as a human-in-
the-loop tool that can be used in analog and digital cockpits. SAM
2 still showed some tracking issues in challenging lighting envi-
ronments, as well as when the instruments go out and in of frame
for a certain period. However, SAM 3 was found to be more robust
than the other approaches. Another limitation was observed when
testing on glass cockpits: the aliasing and shimmering of digital
instrument readouts can cause SAM 3 to produce incomplete AOIs
suggesting greater reliability on analog instruments.

3.2 Qualitative Evaluation
In separate sessions, we asked two experts for their subjective feed-
back to evaluate the practical utility of the system and capture
their nuanced opinions. The cohort included active VFR flight in-
structors, one with extensive prior experience as a military fighter
pilot. During these sessions, these experts were presented with the
functional prototype.
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The most significant finding was the validation of gaze pattern
analysis as a valuable tool in aviation. One of the experts noted
that during the training pilots’ gaze patterns are manually ana-
lyzed. This manual and resource-intensive procedure highlights the
value placed on scan patterns as an indicator of performance and
situational awareness. Hence, our system is recognized as a power-
ful tool for the automation and quantification of existing analysis.
One instructor further stated that the ability to “objectively show a
student their scan pattern during a debrief is a powerful tool, far
more effective than just telling them they are ’fixating’”. The other
confirmed that showing a student a replay with their gaze-plot is
a “different level of feedback” than simply telling them they are
fixating. The consensus was that the tool would be most effective
for correcting common but critical VFR errors, such as: a) Fixation
on a single instrument during final approach, b) Failure to maintain
a visual scan for other traffic (i.e., too much “inside” time), and c)
Incomplete or incorrect scan patterns during procedural checks.

In addition, they emphasized that the benefit must be weighed
against the overhead of the data capture process. Managing the
Pupil Core, calibration, and a laptop in a cramped cockpit is a
notable drawback. For the tool to be adopted, datamust be presented
simply. The “inside vs. outside” gaze ratio was deemed useful due
to its simplicity, providing a high-level summary of a student’s
situational awareness.

4 CONCLUSIONS AND FUTUREWORK
To provide student pilots with objective feedback in post-flight de-
briefing, we developed a system to capture and analyze their visual
scanning behavior in a real-world VFR cockpit environment. In
this system, we tested the feasibility of existing scene segmentation
models for gaze-mapping. Finally, we conducted a preliminary tech-
nical and qualitative evaluation and documented our findings. We
are anticipating to obtain constructive feedback and suggestions in
the Late Breaking Work session.
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